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Abstract 
Most popular classifications of factories are generally based on their size; the number of employees, the annual turnover and the volume of 
production are common indicators by which an enterprise can be categorised. Factories can also be characterized in terms of their production 
system, such as lean manufacturing and flexible manufacturing. 
However, these methods of classification generally do not include some important aspects of the industrial production that are significant in 
distinguishing the different ways of fabricating goods. Several technical characteristics of the production system, for example the quantity of 
craftwork involved, are particularly helpful in identifying the level of sustainability of the manufacturing activity. Other important factors 
include the cultural value that the system can add to the product and the connection and integration of the enterprise in the territory. 
Guidelines to define a quantitative method to measure the different aspects that characterize manufacturing production are here proposed in 
order to allow the definition of a new taxonomy in manufacturing enterprises. 
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1 Introduction 
Classification is an effective method to order concepts and 
ideas in most sciences. The practice and science of 
classification is indicated by the term Taxonomy. The word 
finds its roots in the Greek τάξις, taxis (meaning 'order', 
'arrangement') and νόμος, nomos ('law' or 'science') and the 
term first appeared in the mid 1800s to classify minerals, 
animal and botanical species. Nowadays, it refers to any 
classification of things or notions as well as to the principles 
underlying such a classification. Taxonomy or a taxonomic 
scheme can also be directly used to distinguish groups and it 
often constitutes the result of a research activity and the base 
for further studies and developments within the discipline in 
process. 
A number of national and international organizations 
employ taxonomy in industrial and economic fields. 
Classifications are based on a wide variety of criteria and 
several different approaches have emerged to classify 
enterprises, including manufacturing activities. 
A number of indicators referring to financial, managerial, 
productional and technological aspects are used to categorize 
firms (Fig 1). 
 
Fig. 1. Main indicators used for enterprise taxonomies. 
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Staff headcount  
Financial ceilings 
(annual turnover, 
balance sheet 
total) 
Production process 
Type of product 
Strategy and 
behaviour in 
financial market 
Innovation 
Technology 
indicators 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
288   G. Campana and B. Cimatti /  Procedia CIRP  26 ( 2015 )  287 – 292 
data in the fields of production, employment, gross domestic 
product and other statistical areas. 
The North American Industry Classification System 
(NAICS) is used to classify business establishments according 
to type of economic activity (process of production) in 
Canada, Mexico and the United States of America. 
Agriculture, mining, manufacturing and transport are some 
examples of the determined categories. A digital code 
identifies the cluster and can be associated to any enterprise 
so placing it into a group. 
One of the most popular and revealing classifications of 
enterprises has been provided by a European Commission 
recommendation published in the Official Journal of the 
European Union in 2003, in which article 2 of the Annex 
reports on the “Definition of Micro, Small and Medium-Sized 
Enterprises adopted by the Commission” [1], citing staff 
headcount and financial ceilings as determiners of enterprise 
categories. The report establishes specific parameters in order 
to classify enterprises with a view to their eligibility for 
support in the European Framework Programme for 
technology and innovation development or to calculate tax 
reductions and other benefits. In these cases taxonomy has a 
direct and practical application. 
Three sizes of business have been defined (Tab. 1): micro, 
small and medium-sized enterprises (SMEs): 
(1) A medium-sized enterprise is one which has fewer than 
250 employees (but more than 50) and an annual turnover not 
exceeding EUR 50 million and/or an annual balance sheet 
total not exceeding EUR 43 million. 
(2) A small enterprise is defined as a company which 
employs fewer than 50 people and whose annual turnover 
and/or annual balance sheet total does not exceed EUR 10 
million. 
(3) A microenterprise is defined as an enterprise with fewer 
than 10 employees and an annual turnover and/or annual 
balance sheet total not in excess of EUR 2 million. 
 
This method of categorization classifies enterprise dimensions 
in terms of the number of employees and gross income 
(turnover). 
 
Company 
category 
Number of 
employees Turnover 
Balance sheet 
total 
Medium-
sized < 250 ≤ € 50 m ≤ € 43 m 
Small < 50 ≤ € 10 m ≤ € 10 m 
Micro < 10 ≤ € 2 m ≤ € 2 m 
Tab.1: Factors determining whether a company is a SME. 
 
2. Taxonomies for manufacturing enterprises 
In the industrial field, categorizations generally gather 
companies into industrial clusters based on similarities in 
production process, type of product, strategy and behavior in 
financial markets. Enterprises can incorporate factories in the 
case of manufacturing activities. Most proposed taxonomic 
schemes refer to services and manufacturing firms mainly 
based on aspects connected to technology. 
Industry has been constantly transforming since the 
beginning of the Industrial Revolution and the development of 
capitalism has given rise to an ever-changing typology of 
firms, as represented in Tab. 2, a schema elaborated on by 
Archibugi [2] on the basis of a previous study by Freeman [3]. 
A particular point of interest is that every new innovation has 
always generated new companies, adding to the ones already 
present in the market. 
It is clear that a significant factor affecting enterprise 
typology and development is innovation. Therefore, it has 
often been considered in order to create meaningful categories 
of businesses. The first taxonomy related to the behavior of 
innovative manufacturing and services firms was proposed by 
Keith Pavitt in 1984 [4] and still constitutes a milestone in the 
field of enterprises and technology. Pavitt identified four 
categories of firms: 
(1) Supplier-Dominated: includes firms from most traditional 
manufacturing such as textiles and agriculture, which rely on 
external sources of innovation. 
(2) Scale-Intensive: characterized mainly by large firms 
producing basic materials and consumer durables, e.g. the 
automotive sector. Sources of innovation may be both internal 
and external to the firm with a medium-level of 
appropriability. 
(3) Specialized Suppliers: smaller, more specialized firms 
producing technology to be sold on to other businesses, e.g. 
specialized machinery production and high-tech instruments. 
Innovation mainly comes from the customers and there is a 
high level of appropriability due to the tacit nature of the 
knowledge. 
(4) Science-based: high-tech firms that rely on R&D from 
both in-house sources and university research, including 
industries such as pharmaceuticals and electronics. Firms in 
this sector develop new products or processes and have a high 
degree of appropriability from patents, secrecy agreements, 
and tacit know-how. 
 
Period Successive Techno-Economic Paradigms Typical Industries 
1770-1830 Early Mechanization Textiles, Potteries, Machinery 
1840-1880 Steam power and railway 
Mechanical 
Engineering,  
Steel and Coal 
1890-1930 
Opportunities 
associated to scientific 
discoveries 
Chemicals,  
Electrical 
machinery, 
Engineering 
1940-1980 Fordist and Taylorist revolutions  
Automobiles, 
Synthetic products, 
Consumer durables 
1990- Information and Communication 
Microelectronics, 
Telecoms, Software 
Tab. 2: Phases of industrial development and typology of 
firms. 
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Pavitt gathered Scale Intensive and Specialised Suppliers 
into a unique category he named “Production Intensive”, later 
adding another category in 1990 for the emerging 
Information-Intensive firms. After his taxonomy, many 
scholars have suggested several categorizations of firms, 
some of which focus on manufacturing enterprises: Archibugi 
et al. [5], Malerba and Orsenigo [6], Hatzichronoglou [7], 
Arvanitis and Hollenstein [8], Marsili [9], Raymond et al. 
[10], de Jong and Marsili [11]. 
OECD proposed a taxonomy distinguishing four categories 
for technology-based manufacturing industries [12]: 
(1) High-Technology: aircraft and spacecraft, 
pharmaceuticals; office and computing equipment; radio; TV; 
communications equipment; medical precision and optical 
instruments. 
(2) Medium-high-technology: electrical machinery; motor 
vehicles, trailers; chemicals; railroad and transport equipment; 
machinery. 
(3) Medium-low-technology: coke; refined petroleum, 
products; rubber and plastic products; non-metallic mineral 
products; basic metals; fabricated metal products. 
(4) Low-Technology: wood; pulp; paper products; food; 
beverages; tobacco; textiles; leather and footwear. 
Based on Pavitt’s taxonomy, Iammarino and McCann 
proposed an interesting investigation into the structure and 
evolution of the industrial cluster [13]. They put in evidence 
by means of a process-based classification relevant 
characteristics of industrial territorial groups. 
Franco and Haase extended the taxonomy criteria to 
interfirm alliances, distinguishing four types named 
“Strategic”, ”Improvised”, “Exploratory”, “Deliberate”, 
focusing in particular on SMEs [14]. 
Classifications are used to distinguish different kinds of 
production technology and manufacturing systems. A 
manufacturing system is defined as a collection of integrated 
equipment and human resources whose function is to perform 
one or more processing and/or assembly operations on a 
starting raw material, part or set of parts [15]. 
Different types of manufacturing firms have been defined 
basing on their technological system of production. Possible 
factors of distinction are [15]: 
a. Type of operations performed: the manufacturing system 
can process individual work units or assembly separated parts 
into unique entities. 
b. Number of workstations: the number of workstations is a 
key factor influencing the workload capacity, the production 
rate, and the reliability. A higher number of workstations is 
required with an increase in product complexity. 
c. System layout: the workstation layout is an important 
factor determining the most appropriate material handling 
system. 
d. Automation and manning level: the level of automation 
refers to the presence of human resources in operating the 
workstation machinery, which can be manually operated, 
semi-automated or fully automated. 
e. Part of product variety: a significant factor in production is 
the degree to which the system is capable of dealing with 
variations in the parts or products it manufactures. The 
following situations and systems can be distinguished: single 
model (all parts of the product(s) are identical), batch model 
(groups of parts are the same and the system has to be set up 
between models) and mixed model (differences between parts 
are not significant and the production can be continuous). 
This last system leads directly to the idea of Flexible 
Manufacturing, where work units are not produced in batches 
so allowing the system to be capable of making any necessary 
changes in fixturing and tooling in a very short time. 
Flexibility is a desirable feature of a manufacturing system as 
it allows rapid adaption to market changes. 
Depending on product complexity and taking into account 
variety on the annual produced quantity, it can be 
advantageous to choose a different manufacturing system. 
The selection is generally based on cost, time criteria and 
quality assurance. To this end, Lean Manufacturing has been 
conceived, in which the aim is to preserve value with reduced 
work, minimising waste and not expending resources for any 
goal other than the creation of value for the end customer 
[16]. 
3. Human labour and sustainability 
In most manufacturing systems humans perform some or 
all of the value-added work manually or by controlling the 
machines that perform the work. Depending on the degree of 
automation, direct labour (aka physical human labour) is 
needed to control the machines that perform the work or to 
directly add value to the product. Traditional manufacturing 
approaches have tended to reduce the human intervention in 
order to quicken the production and to decrease costs. In 
recent decades, the main demand has been for standard 
products, which are better guaranteed by machine work rather 
than the workers contribution. 
 
Nowadays, however, a shift in requirements and desires 
has led to the personalization of the product becoming again 
an important feature requested by many customers. For many 
successful companies the product value is mainly in 
intangibles like brand, style, and design and often reflects the 
culture of the area where the manufacture takes place. All 
these aspects are expressions of the human labour involved 
and are connected to the capability of maintaining tradition 
and craftsmanship in production; creating a product that, 
despite being industrial, is still in some way unique. This is 
not only a theoretical approach as a growing body of 
entrepreneurs, using their expertise and know-how, have 
decided to recover the value of tradition and craftwork and are 
finding and proving that slow working processes can produce 
positive results and add distinctive value to a product [17]. A 
longer production time can increase quality and bring 
uniqueness to the finished article with irregularities from 
human work adding appreciable value to the object.  
A different approach to human involvement in 
manufacturing activities can not only improve the product but 
also enhance the ability and creativity of the workers, so 
improving the sustainability of the whole production process. 
Current techniques of Life Cycle Assessment (LCA) are 
traditionally focused on environmental impact and resource 
consumption associated with the existence of products 
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throughout their entire life cycle [18] without addressing the 
human factor in the production phase. Human health is 
considered in LCA mainly in terms of protection of the 
environment regarding pollution and other environmental 
damage and the maintaining of the safety and quality of life of 
the product user and humans in general. To this aim, the Life 
Cycle Impact Assessment (LCIA) is the phase where 
collected data are interpreted and applied to the potential 
impacts on the areas of protection (human health, natural 
environment, natural resources, man-made environment) [19]. 
 
Dimensions of sustainability have been introduced through 
the concept of the Triple Bottom Line: Environment; 
Economy; Society [20]. Further consideration concerning the 
performance of a sustainable industry has come from 
Welford, who introduced six principles affecting 
sustainability in the service sector, placing more emphasis on 
social an ethical issues than former scholars [21]. Welford and 
other collaborators [22] later extended the principles to seven, 
adding the Employment issue, defining the final seven Es: 
• Environment - related to the company’s activities and the 
environmental impact of the product. 
• Empowerment - addressing the involvement and 
collaboration of all employees to correctly run the company. 
• Employment - the basis of income and material welfare of 
the employees. 
• Economy - the ability to generate the sufficient profit. 
• Ethics - covering the moral aspect of the way the company 
operates. 
• Equity - equal rights and equal opportunities to employees 
within the firm. 
• Education - the building and spreading of knowledge 
amongst employees, customers and stakeholders. 
The last added principle of Employment is considered a 
fundamental function of the company in society, enhancing 
the quality of life of employees through meaningful jobs. 
Even if the principles were defined in reference to service 
enterprises, they can be expanded and applied to 
manufacturing activities, including the aspects connected to 
industrial craftwork. Within this framework, craftsmanship 
refers not only to the added value of the product in terms of 
quality and uniqueness but also to the sustainability of the 
manufacturing approach. Sustainable manufacturing implies 
methods and techniques of production that allow workers to 
express their skills and creativity, contributing to the 
improvement of the product and the competitiveness of the 
enterprise. Within a sustainable approach, workers can be 
craftsmen who are able to give to the product the added value 
that makes it unique and attractive to customers, and at the 
same time avoid frustration and boredom at work [17]. 
A significant categorization of manufacturing industries 
based on the human resources issue has been proposed by 
Peneder [23], in which he introduced two taxonomies. The 
first is based on typical input factors such as enterprise 
investments for salaries and physical assets, R&D, marketing 
and advertising, and distinguishes technology-driven, capital 
intensive, marketing driven, labour intensive and mainstream 
industries. The second focussed on the different levels of 
labour skills: white-collar high-skill; white-collar low skill; 
blue-collar high-skill; blue-collar low-skill. Correlations 
between the two taxonomies are recognized, demonstrating 
that human skills can be a strong distinguishing factor 
between different categories of industries. 
Recent studies have explored the role of human labour in 
the LCA process, enhancing the third societal dimension of 
sustainability. However, due to the complexity of the theme, 
research has been limited to the environmental effects that 
human labour causes without considering non-physical factors 
such as knowledge/education/culture, elements, which 
distinguish humans from machinery and are essential for our 
future sustainable development [24]. 
4. Measures of “slowness” for a new taxonomy 
Based on these concepts of sustainability and industry, a 
new paradigm of manufacturing has been defined: the Slow 
Factory [17]. To categorize firms in this framework, a 
taxonomy that distinguishes different manufacturing 
approaches is required. A slowness indicator can be employed 
in order to measure the “slowness of the production”, which 
not only considers the Lead Time of the work unit but also the 
skilled craftwork performed to fabricate the product. As 
discussed, the skilled and creative labour of workers can 
confer to the produced article distinctive traits that are 
fundamental in attracting customers and increasing sales. The 
quantity and quality of craftwork contributing to the 
realization of the product is not considered in most present 
manufacturing systems taxonomies, despite the fact that it has 
a great impact on the final product value. 
A new taxonomy, taking into account the existing 
craftsmanship in the manufacturing activity, must include 
several factors affecting the workers’ performance: 
• Skills and creativity. 
• Culture, history and tradition  
• Territory vocation. 
Most of these points, mainly concerning cognitive 
processes, concur to attribute intangible features to the 
product and are difficult to be quantified but can be efficiently 
defined in a qualitative way. They can all be placed in the 
grey area where the spheres of society, environment and 
economy overlap (Fig. 2). 
The skills and creativity of the worker has a great 
importance during the manufacturing, generally increasing as 
more as the product success is connected to the brand and 
style. The quality of the craftwork performed to fabricate the 
object is directly connected to the capability, experience, 
training of the labourers involved. 
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Fig. 2. The Triple Bottom Line: Environment, Economy, Society. 
 
Culture, history and tradition in the area where the 
manufacturing is located can affect the workers skills. In 
particular, traditional techniques and methods can be used 
from the craft workers and be expressed in an industrial 
object. 
The territory vocation is a significant factor to be 
considered. It is different from the previous one, as it refers to 
the industrial fabric in terms of the natural resources, 
infrastructures, services, company connections, similar 
enterprises and suppliers located in the same area where the 
manufacturing is located. 
Our proposal is to evaluate a complex coefficient that 
considers the mentioned factors for categorizing purposes. A 
working formula could be written as follows: 
           (1) 
 
where Si is the overall Slowness Index and has to be defined 
by a weighted sum in which the “n” key factors F_k express 
the factors above indicated. 
Skill-level, F_skills, is one of the key factors F_k in 
formula (1). It can be evaluated distinguishing and measuring 
different skills through a function of them: 
      (2) 
For each skill a Likert scale must be established, assigning 
higher values to the relevant abilities that are necessary in 
order to better perform the required operations and, on the 
opposite hand, common abilities can be indicated with low 
values (Fig. 3). 
Weights can be usefully used in order to tune the final 
results because skills are dependent on the industrial field and 
each of them must be related to the importance it has in the 
manufacturing of the product. For certain kind of goods the 
worker creativity can be more important than for others. 
Furthermore the labourer capability must be connected to the 
industrial context.  
To give an example, in Valle Trompia - a narrow 50 km 
long valley in the north of Italy - the presence of conspicuous 
mineral veins fostered in the past an important mining activity 
and stimulated the development of a extraordinary iron 
manufacturing. Today the mining activity is not relevant any 
more but the industrial district, despite of the present 
economical crisis, counts a number of enterprises that are 
related to metallurgical and metals manufacturing skills [25]. 
In this area an ability concerning the processing of metals can 
be evaluated of great value. This skill does not have the same 
weight in every industrial district: for example it would not be 
so relevant in the agro-food area near Parma, in the northwest 
of Italy, famous all over the world for the prestigious cheese 
and ham. Indeed the weights allow assigning to every single 
skill its importance for a certain industrial environment. 
 
 
(a) 
(b) 
Fig. 3. The Likert scale: judgments (a) and correspondent scores (b) 
evaluation. 
 
A working formula could be as written below (3): 
  


      (3) 
 
where “m” are a number of skills that must be evaluated 
together. “Soft skills” or behavioural competencies and 
occupational skills must be equally considered. 
Culture, history, tradition and territory vocation can be 
evaluated in a similar way. For example, an old tradition in 
manufacturing a certain type of product in the region can 
determine a competitive advantage for a similar industrial 
production or for developing an innovation in that field. 
Enterprises located in a district where a certain product is 
predominant will get a high key factor for territory vocation. 
The Volkswagen Glass Factory located in Dresden is an 
effective example: Saxony has got an old tradition towards 
manufacturing and craftwork due to its history. The emperor 
Augustus II the Strong, who governed this region from 1694 
to 1733, loved precious objects that he used to commission to 
local artisans and artists, some of them immigrated from other 
European areas to his court. 
Going back to the case of Valle Trompia, thanks to the 
natural resources, the territory played an important role 
stimulating the development of an extraordinary iron 
manufacturing. 
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The weights wi allow to assign to every single skill, to the 
culture and tradition factor, to the territory vocation factor 
their importance for a certain industrial context. 
The delicate point of the application of this formula is the 
fault of objective data to assign the value to each factor, 
which is determined on the base of a quality evaluation of 
intangibles. However, basing on questionnaires and other data 
gathering techniques and involving a consistent number of 
enterprises and staff, some significant results can be achieved. 
The elaboration of an effective questionnaire to collect scores 
to define the above-mentioned factors is the first step. The 
internal consistency of the test will be measured in terms of an 
appropriate Cronbach's α (alpha) coefficient to assure the 
correctness of the results. These tools and techniques are 
commonly utilized in surveys and properly used can 
guarantee a good quality of the work. 
Further work is required to test the formula and check its 
validity. 
Former formulas for manufacturing activities assessment 
include subjective evaluations. Significant examples are the 
indices proposed by ElMaraghy & others [26,27,28,29] to 
measure technological complexity in manufacturing related to 
product, process, system etc. 
5. Conclusion 
Several taxonomies for industries and manufacturing firms 
have been defined mainly using factors related to size, 
technology and innovation to gather the enterprises into 
different categories. Pavitt’s taxonomy has been a 
fundamental milestone for the categorization of firms, in 
particular referring to innovation aspects. Several taxonomies 
have been developed basing on the Pavitt’s model, mainly 
distinguishing technological aspects. Human labour has not 
yet been highlighted and investigated as a distinguishing 
factor despite the fact that it strongly characterizes the 
approach to production and its importance within the 
sustainability framework. Some new elements connected to 
the workers’ skills and creativity as well as to the culture, 
history and tradition of the territory where the firm is located, 
are being introduced and considered in order to propose a new 
way of categorizing manufacturing firms based on the Slow 
Factory paradigm. The quantification of these proposed and 
emerging factors requires further research as they mainly refer 
to intangibles, by nature difficult to measure and evaluate. 
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